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INTRODUCTION
The carotene In dehydrated alfalfa can be extracted and
Isolated from the rest of tho plant materials by a process which
involves radial chromatography. The Department of Chemistry Is
interested in preparing such carotene concentrates for use as a
vitamin A supplement in foods. To make the process economical,
it probably will be necessary to isolate other materials of com-
mercial importance which can assume part of the cost of opera-
tion. Alfalfa sterol may b© such a material, oc-spina stsrol, the
chiof sterol of alfalfa (1), perhaps can be converted to vitamin
D under the influence of ultraviolet light, and may be of value
as a starting material for the manufacture of certain pharma-
ceuticals. Therefore, an investigation was initiated to devise
a method of isolating it in conjunction r/ith the process for pre-
paring carotene concentrates.
Little work has been done on the Isolation of sterols In
green plants such as alfalfa because other plant pigments which
are nresent interfere in the isolation process. Pernholz and
Moore (2) isolated oc-spinasterol from alfalfa, while Heyl, Wise,
and Speer (3) isolated it from spinach. Korgal, Petering, and
Miller (4) isolated the sterol fraction of alfalfa and irradi-
ated it with ultraviolet light. They reported that the sterols
in the fraction possessed vitamin D activity after irradiation.
Hickman (5) used high-vacuum distillation to separate sterol from
seed oils. Wall (6), using a falling film molecular still simi-
lar to the one used by Hickman, separated the sterols of green
plants from the other plant pigments. He found that the recovery
of sterol was 90 per cent or more, but that the recovery of caro-
tene was poor*
EXPERBIKNTAL
Removal of Sterols from Adsorbent
Preliminary experiments had shown that when a Skellysolve B
extract of dehydrated alfalfa meal was adsorbed on calcium phos-
phate in a radial chromatograph, the carotene could be eluted by
washing with Skellysolve D, but that most of the sterols would
remain on the adsorbent. Hence, the first objective in develop-
ing a procedure for isolating the sterols was to find a means of
removing them from the adsorbent. Acetone was selected as a pos-
sible eluting agent. Fifty milliliters of a Skellysolve B ex-
tract of alfalfa containing 2.47 mg of sterol were drawn by vacu-
um into a 7 cm column of calcium phosphate contained in a 25 x 200
mm adsorption tube. The adsorbent was washed successively with
200 ml portions of Skellysolve B containing 0, 1, 2, 5, and 10
per cent of acetone. Each fraction was collected separately and
was analyzed for sterols by the micro method of Wall and Kelley
(1), The data, presented in Table 1, show that the sterols were
eluted by the Skellysolve B-acetone mixtures, the major portion
being eluted by the 2 per cent acetone solution.
Having determined that acetone was capable of eluting ster-
ols froTT calcium phosphate in a conventional adsorption tube, it
was nocossary to evaluate it on a larger scale with the radial
schromatograph (V), since this apDoratus was helnr uqed in the
preparation of carotene concentrntes • This apnaratus conaists
of a perforated dnam mounted within a housing. The cylindrical
portion of the drum is lined on the inside with filter paper#
The drum is packed with the calcium phosphate adsorbent and la
free to rotate on its axis. The extract is fed in a continuous
stream through the hollow axis and is throrm by centrifugal force
into the adsorbent. After passing through tho perforations of
the drum, the eluate is collected in the housing, fron which it
is renoved by means of a stopcock.
Table 1. Elution of sterols from a calcium phosphate column
by successive washings of Skollysolve B-acctone
mixtures (Total storols adsorbed: 2.47 mg).
Acetone in : Volume of
•
•
t Sterols eluted
cluting agent : wash ••
per cent ml mg Der cent
200 0.17 6.9
1 n 0.20 8.2
2 II 2*10 85.0
5 11 0.00 0.00
Six kilograms of dehydrated alfalfa meal were extracted with
Skellysolve B and the extract was passed through the radial chro-
matograph. Ten gallons of Skellysolve B were used as an eluent
to remove most of the carotene. Five gallons each of 2, 5, and
50 per cent acetone in Skellysolve B then were used to wash the
adsorbent. Samples of each eluate were analyzed for sterol con-
4tent. The results are presented in Table 2,
Table 2, Blution of sterols from the radial chroj^iatograph by
various concentrations of acetone in Skellysolve B
(Original extract contained 3,000 rag of sterol).
Acetone in :
aluting agent :
Voliane of
wash
: Sterols eluted
per cent gallons ^r cent
10 198 C.6
2 5 240 8,0
5 6 1250 41.6
50 5 720 24.0
The Skellysolve B wash removed most of the carotene from the
chromatograph, but olutod very little of tt-.e sterols. Acetone in
Skellysolve B eluted most of the sterols, 5 per cent acetone elut-
ing the major portion. Fifty per cent acetone was needed to elute
the other plant pigmonto and remaining sterols from the adsorbent.
For such a process to be feasible industrially, most of the
chlorophyll must be removed from the adsorbent before it can be
used again. Since high concentrations of acetone were required
to effect chlorophyll removal, a search was made for a more ef-
ficient olutlng agent. Additions of ethyl, Isoioropyl and n-butyl
alcohols to Skellysoxvu 3 all ap to bu superior to acetone
when tested with small adsorption tubes. Isopropyl alcohol was
selected for pilot plant tests because of its lev/ cost and the
ease of removing it from the solutions after elution.
Th6 same procedure was used as in the preceding experiment
5with acetone. Table 3 shows the results obtained when mixtures
of isopropyl alcohol and Skellysolvo B were used as elutlng
agents*
Table 3« Elution of sterols from the radial chromatograph by
various concentrations of isopropyl alcohol in SI:elly-
solve B (Original extract contained 3,530 mg of ster-
ol).
Isopropyl alcohol :
in oluting agent ;
Volume of
eluting agent
: Sterols eluted
per Gont gallons rag per cent
10 200 5.6
2 5 1500 36.9
5 5 2020 57.1
It will be seen that the 2 and 5 per cent isopropyl alcohol
solutions were effective as eluting agents for the sterols. The
major portion of the sterols was found in the 5 per cent solution.
Isopropyl alcohol ^7as more efficient than acetone, for a 5 per
cent isopropyl alcohol solution efficiently eluted the sterols
and cleaned the adsorbent for re-use, while a 50 per cent acetone
solution was needed to accomplish this feat. Furthermore, elu-
tion v/ith isopropyl alcohol was accomplished with a smaller vol-
ume of eluting agent. Approximately 94 per cent of the sterols
were eluted from the chromatograph by Isopropyl alcohol-Skelly-
solvo B, as compared with 73 per cent of sterols eluted by ace-
tone-Skellysolve B.
Ninety-five per cent ethanol in Skellysolve B also was
tested with the radial chromatograph, but was found to be of
little value, since the chromatograph waa not cleaned suffici-
ently for re-use. Apparently this waa due to the water in the
ethanol, which adsorbed on the calciun phosphate and prevented
normal functioning of the adsorbent.
Isolation of Sterols from Eluate
Although the elution procedures which were studied separated
the stei»ols from the na,jor portion of the carotene, they did not
effect a separation from the other plant pigincnts. It was neces-
sary, therefore, to search for a method of doing this, Pemholz
and Moore (2) used phasic distribution to separate sterols from
carotene and other plant materials. They extracted a Skellysolve
B solution of the pigments with 95 per cent methanol in a separa-
tory funnel. The sterols were more soluble in the methanol solu-
tion and passed into this phase. Most of the other plant mater-
ials remained in the Skellysolve 3 solution.
Two types of continuous liquid-liquid extractors wore con-
structed to investigate the phasic separation of the Digmonts,
One of the extractors was similar to that of Chapman and Hammett
(8) and utilized compressed air to bring the two immiscible solu-
tions into Intimate contact. The othor extractor operated on a
continuous distillation principle O), by which the condensate
of the heavier liquid is allowed to percolate through a column
of the lighter liquid.
In one method of extraction v/hlch was investigated, the elu-
ate from the chromatograph was evaporated to remove the elutlng
agent and the residue was dissolved In Skellysolve B, This solu-
tion was Dlaced In the percolfltion x^servolr of the continuous
distillation extractor. A 10 per cent solution of potassium hy-
droxide in 90 per cent methanol was placed In the distilling
flask of the apparatus. The Skellysolve B solution was then ex-
tracted with the methanol solution for 4 hours. It was found
that the condensate from the distillation flask contained 95 per
cent methanol (Table 4). Hence, the phasic system of Femholz
and Moore was duplicated*
Table 4, Deteminatlon of per cent methanol in condensate from
the distilling flask by comparison of its refractive
index with those of known mixtures of methanol and
water.
•
•
Solution : Refractive index
90 per cent methanol 1.3326
95 " " " 1.5308
100 w " n 1.3259
Condensate 1.3308
During the extraction it was noted that chlorophyll was
moved from the Skellysolve B solution and was oonoontrvnted in th©
distilling flask, where ^ as saponified by the potassium hy-
droxide. The Skellysolve B retained a small amount of carotene
which had not been removed by nrevious separations, and various
other materials such as fats and waxes.
It still was necessary to separate the sterols from the sa-
Donification mixture obtained from the above extraction. This
was accomplished by diluting the alkaline 90 per cent rriCthanol
solution to about 80 per cent by adding water, transferring this
solution to the air-lift extractor, and recycling it through
Skellysolve B. The sterols were more soluble in the Skellysolv©
B than in the 80 per cent methanol, and after three hours of re-
cycling were transferred from the methanol to the Skellysolve B,
The Skellysolve B solution was evaporated, the residue was dis-
solved in 95 per cent ethanol, and the sterols were allowed to
crystallize. The sterol was identified by preparing the acetate
(m, p. 183-184° C.) and the benzoate (m. p. 194-195° C,). These
derivatives indicate the sterol to bo oc-spinasterol. The data of
Table 5 indicate the amount of sterols which was extracted by
this procedure.
Table 5# Extraction of sterols from the eluate by a method in-
volving saponification and partition between Skelly-
solve B and methanol.
• •
fixneriment ; Sterols in eluate ; sterols extracted
1 500 468
2 1300 1220
A second method was studied for isolating st'=^rolr. f r»om the
substances eluted from the chronatorjranh. In this procoduro, ac-
tivated magnesia was used to remove chlorophyll, thus avoiding
the necessity of saponification. Tno olnate from the chromato-
graph was evaporated to dryness, and the residue was dissolved in
Skellysolve B. Into this nolution was stirred activated magnesia
until all of the chlorophyll was adsorbed. The adsorbent was re-
per cent
94.0
94.0
9moved by filtration and was washed thoroughly with 10 per cent
accoouc In Skellysolvo B to eluto sterols and xanthophylla. The
aoetono was removed by evaporation, and the residue was dissolved
in Skellysolve B, The latter waa extracted with 90 per cent
methanol for four hours in the continuous distillation extractor,
as previously described. The sterols thus were transferred to 90
por cont methanol, from which they were crystallized and purified
as described previously. Table 6 shows the amount of sterols
that was extracted by this method.
Table 6. Extraction of sterols from the eluate by a method in-
volving adsorption and partition between Skellysolve
B and methanol in a continuous distillation extractor.
Experiment : Sterols in eluate ; Sterols extracted
mg ng per cent
1 688 670 97.3
2 720 640 91.5
The air-lift extractor also was used in conjunction with the
adsorbent as in the experiment described above. Ninety-five per
cent methanol was used as the extracting solution. The results
of this exDoriment are shown in Table 7.
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Table 7, Extraction of sterols from the elunte by a method in-
volving adsorption and parti bion bet\vGon Skellysolve
B and methanol in an air-lift extractor.
Time of Volume of : Sterols
•
•
• Sterols
Exr)eriinent : extraction ? methanol : in eluate •• extracted
mln, liters mg mg per cent
480 2 2420 2317 95.8
?40 1 350 326 93,0
Each of the methods described separated the sterols from the
rest of the plant pigments in the eluate from the chromatograph.
The method involving saponification was the most difficult to use
because of emulslfication which occurred in the air-lift extrac-
tor due to the presence of chlorophyll degradation nroducts. This
difficulty was not encountered in the method utilizing adsorption.
Efficiency of Extractors
As previously shotm, the single extraction required in the
adsorption method can bo accomplished vith either of the extrac-
tors used. To determine their relative efficiencies, a Skelly-
Bolve B solution containing a known amount of sterols was divided
into two equal portions. One of the portions was extracted in
the air-lift and the other in the continuous distillation extrac-
tor. At various time intervals, 2 ml samples of the Skellysolve
B phase wore withdrawn from each extractor and wore analyzed for
sterols, Tlie data, prosentod in Fig, 1, show th«t the initial
rate of sterol extraction by the air-lift extractor was consider-
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TIME IN MINUTES
FIG. I. EXTRACTION OF STEROLS BY CONTINUOUS
DISTILLATION AMD BY AlR-LlFT EXTRACTORS
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ably g2»eater than by the continuous distillation extractor. How-
ever, extraction by tho continuous distillation extractor even-
tually was groator* This was true because, with tho air-lift
extractor, sterols were partitioned between the two solvents un-
til an equilibrium was reached (10). Such an oquilibriuni could
not result with the distillation extractor because the sterols
were not vaporised during the distillation. Hence, the sterols
were partitioned continuously between the Skellysolve B solution
and fresh methanol.
Ultraviolet Absorption Spectrum of oG.spinasterol
The absorption snectrura of oc-spinasterol has not been re-
ported in the literature. Since a quantity of this sterol was
isolated from alfalfa meal during the course of this investiga-
tion, its ultraviolet absorntion spectrum was determined. The
oc-spinasterol was recrystallized from methanol, ethanol, and ben-
zene until the melting point remained unchanged on further re-
crystallization. The method used by Kogness, Sidwell, and Zsch-
eile (11) for the determination of the snectral curve of ergo-
sterol was used. The absorption curve (Fig. 2) obtained in the
region 2385-3135 angstroms was similar to that of ergosterol.
This is to be expected, since the proposed structural formula
(12) of oc-spinasterol is similar to that of ergosterol. In the
region 2335-2385 angstroms, the oc-spinasterol curve differed from
that of ergosterol in that oc-spinasterol exhibited grentor ab-
sorption. ...lOtiier this increased absorption wan due to a struc-
ture nob present in ergosterol or to an impurity has not been
12^35 24^5 2535 2635 2735 2835 2935 30^5 3135
WAVE LENGTH IN ANGSTROMS
FIG. 2. ULTRAVIOLET ABSORPTION SPECTRUM OF
GC - SPINASTEROL
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ascertained*
DISCUSSION
Although nothods for isolatinc sterols from alfalfa meal
were developed during this Investigation > the eoononic foaslbll-
ity of such an isolation is still in doubt. Distillation Prod-
ucts, Inc., Rochester, K* Y,, recently announced a price on soy-
bean sterols of a dollar a pound. It is difficult to visualize
the production of alfalfa sterols at this price by the methods
studied in this investigation. If, however, a specific use for
oc-spinasterol should bo found, for which other sterols could not
be used, perhaps it would be profitable to isolate alfalfa ster-
ols In conjunction with the isolation of other alfalfa constitu-
ents. Meanwhile, a further study of the methods discussed herein
may load to a more economical procedure for i3ol?ition of alfalfa
sterols.
SUMMARY
Methods were Investigated for elutin^^ 3t<?rols from a calcium
phosphate adsorbent in a radial chromatograph. Both acetone and
Isopropyl alcohol, mixed in various proportions with Skollysolve
B, wero capable of elutln^'^ sterols. Isopropyl alcohol was the
more efficient of t>ie two, requiring lower concentrations and
smaller volumes to effect s^ifficlent cleansing of the adsorbent
to nermlt Ita re-«U3e« Five per cent Isonronyl alcohol was ado-
quajo to accomplish this.
Sterols in the Isopropyl alcohol eluato were Isolated by
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methoda Involving elthor saponification or adsorption to romoTe
chlorophyll, followed by phasic distribution between Skollysolve
B and methanol. Two phasic distributions wore necessary if chlo-
rophyll was removed by saponification, while ono was sufficient
when chlorophyll was removed by adsorption on magnesia.
Tv/o types of phasic extractors were used in the final sepa-
ration. One type was a continuous distillation extractor and the
other was an air-lift extractor. Both extractors utilized 95 per
cent methanol percolating through a Skellysolve B solution of
plant pigments to extract the sterols. Tho relative efficiencies
of these extractors were investigated. The inltinl rate of ex-
traction was greater with the air-lift extractor. However, it
did not extract all of the sterols because of the formation of a
partition equilibria. Complete extraction was accomplished with
the continuous distillation extractor because a partition equilib-
rium did not occur.
The ultraviolet absorption spectrum of oc-splnasterol was de-
termined. The spectrum was found to be similar to the ultra-
violet absorption spectrum of ergosterol.
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